Introduction
The consumption of medicinal plants for therapeutic purposes is recognised as one of the earliest forms of medical practice of mankind. The World Health Organization reported that 80% of the emerging world's population, both in developed and developing countries, relies on traditional medicine for therapy (WHO 2004) . The high demand for traditional and alternative medicines has led to a rapid increase in the medicinal plant product market worldwide (WHO 2007) . Natural products from plants and their derivatives represent more than 25% of all drugs currently in clinical use by Gurib-Fakim (2006) . However, there is a misconception that 'natural' always means 'safe' and that remedies from a natural origin are harmless and carry no risk. But 'natural' plant-based medicines are not always safe because there is the tendency that plant samples may be contaminated with hazardous substances such as toxic heavy metals, agrochemicals and pathogenic microorganisms (WHO 2004) .
In recent decades, heavy metals have been used widely to refer to a group of metals that are associated with contamination and potential toxicity with no clear and unique scientific definition (Duffus 2002) . Heavy metals do not undergo biodegradation and thus are accumulated in living organisms, leading to various diseases and disorders even in relatively low concentrations as confirmed by Pehlivan et al. (2009) . Plants usually take up trace elements and heavy metals that are dissolved in soil solutions in ionic, chelated or complexed forms (Kabata-Pendias 2011) . Accumulation of toxic metals in medicinal plant products is becoming a major concern in traditional medicine. One of the major means of heavy metal accumulation in medicinal plants is through the uptake and accumulation of toxic metals and trace elements that are inherently present in the soil. Heavy metals, such as iron, chromium, copper, zinc, cobalt, manganese and nickel, are essential metals that play an important role in biological systems, whereas mercury, lead and cadmium are non-essential metals that can be toxic even in trace amounts. Lead, cadmium, chromium and arsenic are widely considered as potential contaminants in our environment (Mosihuzzanman & Chowder 2008) . All plants contain heavy metals in trace or negligible amounts as micronutrients, and when the uptake of heavy metals become greater, they contaminate the environment, thus leading to adulterated food supply (Abdollatif et al. 2009 ). The contamination of medicinal plants by heavy metals can be attributed to environmental pollution and can pose clinically relevant dangers for the health of the consumer, and should therefore be limited (Salaramoli et al. 2012; Ullah et al. 2012) . These metals have the potential to accumulate in different organs of the body for a long period of time as some of them possess longer biological half-lives that cause toxicities and unwanted effects (Ata, Moore & Modabberi 2009; Jarup 2003) . Khan et al. (2008) also reported that, after collection and transformation of medicinal plants into dosage form, the heavy metals confined in them finally enter the human body and may impair the normal functions of vital organs, leading to hypertension, abnormal pain, skin eruption, intestinal ulcers and different types of cancers. High levels of heavy metals in the body system cause common health problems, as reported in the study by Hussain and Khan (2010) .
The problem is more serious in Nigeria because medicinal plants that form the raw materials for the finished product of herbal treatment are neither controlled nor properly regulated by quality assurance parameters. The WHO recommends that medicinal plants that form the raw materials for the finished products may be checked for the presence of heavy metals. According to Khan et al. (2008) , the maximum permissible limits of toxic metals like arsenic, cadmium and lead in consumed medicinal plants are 1.0 ppm, 0.3 ppm and 10 ppm, respectively.
The ability of plants to selectively accumulate essential elements varies in different species and is subjected to certain geographical characteristics depending on the type of soil (Khan et al. 2008) . Because of these health problems, the World Health Organization is advising that herbal drugs should not be used without qualitative and quantitative analysis of their heavy metals content (WHO 2005) . However, evaluating and monitoring heavy metal contamination is an essential step in improving the overall safety and quality of widely used medicinal plants, which will in turn result in safeguarding the consumer (Street et al. 2008) . From the literature, it has been reported that various parts, such as leaves, stems, barks, fruits and roots of Azadirachta indica, Mangifera indica and Newbouldia laevis, possess several biological properties (antioxidant, anti-inflammatory, antidiabetic, anti-malarial, anti-fungal and anti-bacterial) , which are used for the treatment of various ailments in humans. Thus, this study evaluates the concentration of heavy metals in some selected medicinal plants within three different locations at the University of Ibadan with the aim of determining the safety and quality of these medicinal plants.
Materials and methods

Study area
This study was carried out at the University of Ibadan, which is located on the latitude 9°23`28.19"N and longitude 3°54`59.99"E and characterised by dry and rainy seasons. The rainy season starts from late March to October, with a mean annual rainfall of approximately 1200 mm and a double maxima rainfall with a peak in June, which is interrupted by a short break and a second peak in September. The dry season, usually from November to March, is brought about by the north-east trade winds. The relative humidity is very high during the rainy season and very low during the dry season. The mean annual temperature ranges from 21 °C to 26 °C.
Sample collection and preparation
The leaves of A. indica, M. indica and N. laevis were obtained from 27 trees of height between 1.5 m and 3 m and diameter at breast height (DBH) between 15 cm and 30 cm. The leaves were cut off from all around the crown periphery in nine trees per location, with every three trees representing each of the selected species collected from three different locations within the University of Ibadan Campus (botanical garden, roadside and residential area) and authenticated at the Taxonomy Section and Biomedicinal Research Centre of Forestry Research Institute of Nigeria, Ibadan. The samples were thoroughly washed with deionised water and airdried at room temperature for about three weeks and then ground into powder with a mechanical grinder and homogenised. The powdered, samples were stored in airtight bottles for analysis.
Wet digestion procedure
The digestion of samples was carried out according to the standard procedure described by Okalebo, Catha and Woomer (2002) . One gram of the samples was digested with 5 mL of 16 M HNO 3 in the covered beakers to near dryness, and another 5 mL essential portion of 16 M HNO 3 was further added until the sample solutions became clear. Five millilitres of 12 M HCl was then added to ensure complete digestion and then cooled to room temperature. The digested solutions were diluted to 100 mL with deionised water. The samples were analysed using atomic absorption spectrophotometer (AAS) for the concentrations of lead, chromium, cadmium and nickel.
Calibration of equipment
The following sensitivity and detection limits were established for the elements (lead, chromium, cadmium and nickel) under investigation using AAS: lead 0.5 ppm -2.5 ppm, chromium 0.5 ppm -2.5 ppm, cadmium 0.2 ppm -1.0 ppm and nickel 2.0 ppm -10.0 ppm.
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Preparation of blank solutions
The stock solution for Pb, Cr, Cd and Ni was made from a metal salt of Analar grade (purity 99.9%). The metal salt was dissolved in dilute HCl and diluted to the 1 L mark using distilled water. The required concentrations were prepared by several dilution of the stock solution.
Statistical analysis
All data obtained were statistically analysed using the two-way analysis of variance (ANOVA). The data were expressed as mean ± standard deviation. The mean was tested for significance at 5% level (p < 0.05) using Duncan Multiple Range Test.
Ethical statement
Human rights, conflict of interest, safety and health standards, and plagiarism were duly considered in this research.
Results and discussion
Results
The analyses of the levels of heavy metals present in the selected medicinal plants revealed that nickel was not detected in the three medicinal plants investigated, and the concentrations (ppm) of lead, chromium and cadmium are presented in Tables 1, 2 and 3, respectively. Results obtained further show that lead (7.10 ± 0.14 ppm-23.4 ± 0.07 ppm) was the most abundant element in the three samples investigated, followed by chromium (0.73 ± 0.14 ppm -4.79 ± 0.33 ppm), and the lowest concentration of cadmium (0.05 ± 0.01 ppm -0.36 ± 0.03 ppm) 1 was found. From the overall results obtained in this study, it implies that concentration of any heavy metal accumulation in any medicinal plants is dependent on the plant species and locations from where samples are collected. The cleaner the location, the lower the concentration of heavy metals will be in the plant sample.
1.The significance for the superscript letters (a, b, c, etc.) 
Lead
Among the three medicinal plants studied across all the locations, the highest concentration (ppm) of lead was found in N. laevis (23.93 ± 0.07 ppm), followed by A. indica (11.8 ± 0.04 ppm), and the lowest concentration was found in M. indica ( 7.10 ± 0.14) ( Table 1) .
Chromium
The highest concentration (ppm) of chromium in the medicinal plants studied was found in N. laevis (4.79 ± 0.33 ppm) among the three samples across all three sample locations, which was also the highest among the three plant samples obtained from road side, residential area and botanical garden, followed by M. indica (3.43 ± 0.05 ppm), and surprisingly the lowest concentration was also found in N. laevis ( 0.73 ± 0.14 ppm) among samples from road side and residential area. Also, chromium was not detected in N. laevis and M. indica collected from the botanical garden (Table 2) .
Cadmium
The results revealed that the highest concentration (ppm) of cadmium in the selected medicinal plants studied was found in M. indica (0.36 ± 0.03 ppm) among all the three samples across the three sample locations, followed by A. indica (0.12 ± 0.01 ppm), and the lowest concentration was found in N. laevis (0.05 ± 0.01 ppm). However, cadmium was not detected in the three medicinal plant samples collected from the botanical garden at all and was also not detected in A. indica and N. laevis collected from the road side and M. indica collected from the residential area (Table 3) .
Discussion Lead
Lead is a non-essential trace element that functions neither in human body nor in plant. It causes both acute and chronic poisoning that pose adverse effects on the vital organs such as kidney, liver, vascular and body immune system (Jabeen et al. 2010; Moses et al. 2012 ). According to Khan et al. (2008) , some of the noticeable symptoms of lead poisoning include colic, anaemia, headache, brain damage, central nervous system disorders, convulsion and chronic nephritis of the kidney. From this study, it shows that the highest concentration of lead was found in N. laevis (23.93 ppm) growing along the road side of the study area and the lowest concentration was observed in M. indica (7.10 ppm) growing in the botanical garden. The highest lead concentration found can be attributed to a high number of vehicles and commercial activities at the road side, while the lowest concentration may be because of the reduced level of human activities and restriction of vehicles into the botanical garden. This result is in agreement with the earlier findings of Bankole et al. (2014) , which reported high levels, of heavy metal contamination at the road side and low levels, of contamination at a control site far away from the road side. According to WHO (2005) , the permissible limit for lead content in medicinal plant and herbal medicine is 10 ppm and the dietary intake limit for lead is 3 mg/week, which is also the standard limit set by the Chinese, Malaysian and Thai government (Moses et al. 2012) . A further comparison of the result obtained from this study with the WHO/FAO prescribed limit showed that all three medicinal plant samples (A. indica, M. indica and N. laevis) from the botanical garden and only M. indica sample from the residential area are within the permissible limit and are therefore safe for consumption, but the remaining samples (A. indica, M. indica and N. laevis), especially from the road side, show levels far higher than the permissible limit and it should hence not be consumed as it might be injurious to human health. In addition, all three medicinal plants are significantly different from one another in terms of the levels of lead accumulated in each of the medicinal species studied across the locations (Table 1) .
Chromium Gajalakshmi et al. (2012) reported that chromium is considered a serious environmental pollutant despite its wide industrial use. It is not directly absorbed by plants but accumulated by carrier ions like sulphate or iron. Exposure to chromium might result in liver, kidney and lungs damage (Khan et al. 2008) . Results obtained showed that the highest concentration of chromium was found in N. laevis (4.79 ppm), followed by M. indica (3.43 ppm) at the road side and surprisingly the lowest concentration of chromium was also found in N. laevis (0.73 ppm) in the residential area. However, chromium was detected only in A. indica (1.97 ppm) at the botanical garden. This corroborates the result of Gajalakshmi et al. (2012) , which reported the presence of chromium and other heavy metals in some medicinal plants in Kenya and also stated that heavy metal contamination could be attributed to overusage of fertiliser, industrial effluent dropout and other manmade activities that were not practised in the botanical garden. Moses et al. (2012) reported that the permissible limit set by WHO/FAO for chromium has not been well established, but the permissible limit set by the Canadian government was 2.0 ppm in raw medicinal plants. The comparison of this permissible limit with the results obtained indicated that all three medicinal plants from the road side and only A. indica from the residential area exceeded the prescribed limit. At the botanical garden, where chromium is only present in A. indica, the concentration of chromium is below the permissible limit. Consequently, the result revealed that it is not encouraging to consume medicinal plants at the road side and only botanical garden samples are safe for consumption. However, Khan et al. (2008) reported that the intake of chromium might result in ailments such as skin rashes, nose irritation, nasal itches, bleeding, stomach upset, lung cancer, as well as kidney and liver damage. Also, all three medicinal plants are significantly different from one another in terms of chromium concentration across the three locations (Table 2) .
Cadmium Jabeen et al. (2010) (Table 3) .
Nickel
Nickel is required in the body in minute quantities as it is present in the pancreas where it plays an important role in insulin production. However, nickel has been identified as a suspected carcinogen, and it adversely affects lungs and nasal cavities. Jabeen et al. (2010) revealed that the toxicity of nickel in the human body is not very common because the body absorbs it at a very slow rate. Also, Khan et al. (2008) confirmed that the deficiency of nickel in the human body results in liver disorder. From the results of this study, it was observed that nickel was totally undetected in all the selected medicinal plants investigated across the three locations.
Conclusion
The results of this study confirmed that the samples of leaves of the selected medicinal plants (M. indica, A. indica and N. laevis) contain varying quantities of heavy metals across the three locations (road side, residential area and botanical garden) in the University of Ibadan. The concentration (ppm) of the heavy metals found was lead (7.10 ppm -23.93 ppm), chromium (0.73 ppm -4.79 ppm), cadmium (0.05 ppm -0.36 ppm), and nickel was totally absent in all the samples studied. On comparison of the results obtained to the permissible limits set by the WHO/ FAO, it was concluded that plants growing at the road side contain heavy metals above the prescribed level; reduced levels were found in those growing in the residential area; and below prescribed were found levels in the plants in the botanical garden where human activities are minimal. This level of contamination could be attributed to vehicle emission and anthropogenic activities, and therefore consideration should be given to the place of collection for medicinal plants for therapeutic purposes.
